In today's educational landscape, subject areas that involve science, technology, engineering and math (STEM) are receiving renewed attention in part due to the rapid proliferation of technology in our daily lives and in the marketplace. One of the most important factors affecting the quality of a STEM education is the quality of the instructor delivering the material. Despite the recognized importance of the instructor in the educational process, there exists no common, quantitative method to determine how effective or valuable the instructor actually is. We present the QUAINT methodology for determining the value of a college level instructor using an analytical and quantitative process. This methodology employs a systems analysis approach in understanding the primary functions and value measures that define an instructor's worth. The model incorporates information from a set of stakeholder interviews, focus groups and surveys from all levels of the academic spectrum ranging from Dean of Academics to everyday student. Using value modeling, we are able to create a quantitative assessment of instructor value based on the input of stakeholders for use in assessing individual instructors or comparing a group of instructors with diverse strengths.
Introduction
In our modern age, technology has become inextricably intertwined into nearly all aspects of life. As a result, educational curricula that incorporate science, technology, engineering and math (STEM) have become increasingly important to community leaders [1] and employers [10] . The importance of STEM instruction is underscored by widespread discussion in the media, political and business arenas. According to the U.S. Department of Labor, the economy will yield an additional 1.2 million STEM related jobs by 2018. In 2010 more than 100 CEO's initiated a project called 'Change the Equation ' that is aimed at improving STEM education. While this initiative and others like it are important for improving the overall quality of an educational system, there is one indisputably important factor they do not address: the instructor. While information technology has allowed effective instructors to duplicate their efforts, such as with Salman Khan and the now famous Khan Academy, many more quality instructors are needed to meet the rising demand. Naturally, in order to meet rising demand for STEM instruction, institutions will be forced to expand the population of instructors. Based on the central role the instructor plays in STEM education, this research seeks to define a methodology for evaluating the value of college level instructors that will meet this need.
The quality and effectiveness of the instructor in STEM education is critical to students' ability to comprehend and retain information [13, 15, 16] . Due to the complex and often confusing nature of technical material, low quality instructors can become significant deterrents to education. While many agencies and institutions have developed methods to evaluate entire programs or students themselves, there is no uniformly or even partially accepted method of quantifying the value of an instructor. Because of the critical role played by the instructor in the development of qualified students to fill roles in STEM related fields, a broad quantitative method of evaluation should be utilized. However, many institutions hold a belief that quantitative evaluation is difficult, if not impossible. For example the Center for Research on Learning and Teaching (CRLT) at the University of Michigan states on their website, "there is no simple system for evaluating the quality of faculty research, there is no simple system for evaluating the quality of faculty teaching." [7] In the concluding remarks, the website also states, "Evaluation of teaching is not a science; there is still much to learn." While the views expressed by the CRLT are certainly intuitive, and to some extent true, we should not cease to seek effective and accessible scientific methods that evaluate instructors just because the problem is hard. This paper will demonstrate an accessible quantitative model to evaluate instructors of STEM material that can be easily adjusted and applied in myriad settings.
The basis for the methodology and approach used in this paper is borrowed from the discipline of multi-objective decision analysis (MODA) and systems analysis. The STEM instructor is viewed in the context of the educational system with a diverse set of stakeholders. The stakeholders are comprised of participants at all levels of the educational apparatus: faculty, students, and employers. One important observation from the comprehensive stakeholder analysis conducted is that there is not one simple metric to measure the value of an instructor. Different stakeholders expressed significant differences in what makes a valuable instructor. For example, higher level academic leaders focused on critical thinking where as senior instructors believed classroom tactics to be of great importance. The use of MODA will allow these opinions to be expressed coherently and create a composite metric of total value. The quantitative expression used to evaluate total value is given here:
In this expression, the instructor's total value score is given as a weighted (w i ) summation of a set of value functions ( v(x i ) ) derived from the stakeholder analysis. In addition to the total value score/MODA approach, the following systemigram demonstrates the relationship between the instructor, student and primary stakeholders: 
Supports and enables
Provides critical thinking and problem solving skills
Provides research and credibility
Defines employee requirements and provides feedback
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Figure 1: Education as a System
Figure 1 describes our model for the educational system including relationships between academic institutions, instructors, students and employers in the model. Armed with their education, students provide services to employers in the marketplace. However, the instructor is the primary catalyst for ensuring the student is prepared to provide these services. This observation is somewhat at odds with one view of education as primarily consisting of the knowledge transference to enable future learning which stakeholders often described using the euphemism, 'learning how to learn.' However, the renewed emphasis in STEM education is clearly motivated by specific skills needed by employers now, not skills that students have been enabled to learn while on the job. Therefore, capabilities acquisition and not expressly knowledge transfer is captured in our systems model. This nuance is small but important. The methodology section this paper will detail the values that an instructor should be measured by using a hierarchical process known as value modeling. This hierarchy begins with a fundamental objective for the instructor. It is a reasonable conclusion from the expert opinions gathered that an instructor's objective is not to give students knowledge for an abstract goal of meta-learning, but instead to prepare students to provide critical thinking and complex problem solving skills within a given discipline. The student's ability in a given discipline can then be consumed by employers not only in industry but also in academia, non-profit organizations and government as well.
There is an implicit requirement for a student to gain a certain amount and type of knowledge in order to be capable of providing services to employers. However, the priority of type and depth of knowledge delivered is driven by the market consuming the student's services and not the instructor or academic leadership. Intuitively, this makes sense. For instance, the 'Challenge the Equation' project referenced earlier is designed to increase education in STEM topics for direct benefit of downstream services by corporations, non-profit organizations and government agencies. The flip side of this notion is that some in the academic community tend to be turned-off by this type of utilitarian focus of education (knowledge preferences driven by consumers instead of instructors or academic leaders). Indeed many of the expert respondents expressed concern about making education too focused on preparing students for employment. For example all groups expressed some value in teaching/learning material that may not be directly useful for later employment. Consequently, our fundamental objective takes this type of knowledge into account as well as knowledge that is directly applied to a particular discipline.
Related Work
While effective metrics for evaluating teaching have proven elusive, the literature is replete with many attempts that make progress towards finding some metrics and methodologies that might be useful, if incomplete and/or insufficient.
A widely held belief among educators is that effective teachers should be assessed along three broadly defined dimensions: teaching, scholarship, and service. This consensus is based, in part, on the work of Arreola et al. who recognized the multiple dimensions in which an effective professor is expected to perform and then developed some qualitative tools for assessing instructors [2] . While these fairly general dimensions are widely accepted as appropriate domains in which to assess a faculty member's worth, the weight placed on each of these areas in an assessment is unique to each instructor's parent institution and affiliation. Whereas other works have suggested many dimensions along which an instructor should be assessed, our methodology presents a means by which to quantify the weight each of these dimensions should carry based on the goals, priorities, and peculiarities of a particular institution.
Our approach also builds on the recommendations of others who have addressed the question of how to effectively evaluate teaching. Theall recommended that all stakeholders at an institution should be included in decisions about evaluations and policy, and that any evaluation should be a systematic process [19] . The QUAINT process includes such a comprehensive stakeholder analysis and includes their input into a systematic process. The QUAINT process goes beyond embracing these recommendations and actually implements them through the MODA and value-modeling processes.
While many right-minded evaluation techniques used at institutions seek to incorporate both quantitative measures and the institution's values into an instructor assessment, Fink notes that many institutions fall into the trap of valuing what is easily quantified rather than quantifying what is actually valued [7] . Our methodology provides a mechanism for seamlessly integrating these two seemingly antagonistic forces into an evaluation that quantifies what is valued. Further, our methodology can accommodate the various priorities of myriad institutions and still yield an equally effective assessment of instructor worth to that specific institution.
Studies such as those done by McAffrey et al. have created complex statistical models that assess teaching effectiveness in singular dimensions, such as student achievement [13] . We intentionally omit student achievement in our model because the literature supports the conclusion that increased instructor effectiveness leads to improved student achievement. We focus instead on how to incorporate all of the stakeholders' values into a single model of instructor valuation.
Methodology
The approach behind the QUAINT evaluation process is known as value modeling [14] . Our general methodology is to identify the core values that an instructor should be measured by through four distinct processes. This first is a thorough stakeholder analysis of interviews, surveys and focus groups supported by a literature review. The second process is to develop a systems view of the instructor and develop a qualitative value model. The third is to quantify the values from the qualitative model by generating value functions. The fourth and last is to develop relative weights for each of the value measures.
Stakeholder Analysis
Based on our model of an instructor as a system, we conducted three interviews, one focus group, and a student survey of teaching techniques and preferences. We then incorporated the focus group work from the Master Teacher Program lesson on evaluating teaching. The interviews were focused on high-level stakeholders who have the ability to make or heavily influence the education and retention of any instructor and consisted of: BG Timothy Trainor, Dean; COL Robert Kewley, Systems Engineering Department Head; and Dr. John Farr, Professor of Engineering Management all of the United States Military Academy at West Point. From this point forward, we will demonstrate the QUAINT process within a single program, in a single department at a single institution and address this limited scope in Section 5.
While the set of stakeholders interviewed is clearly incomplete, we believe that the chosen set of stakeholders is well-positioned to, and did provide, a diversity of perspectives that would be concordant with the input from the missing stakeholders. We demonstrate only that a number of different stakeholders' input can be incorporated, regardless of whether or not that set of stakeholders is complete. Further, a truly complete set of stakeholders comprising all the possible employers in a given STEM field would be impractical to include in a single valuation. The focus groups centered on program directors and instructors at all levels and the survey was used to collect student opinion. The information gathered from the stakeholder analysis combined with the information from the literature review created our model of the instructor as a system and is shown in Figure 2 . The raw data collected from the stakeholders is also included in Appendix A -FCR Matrix.
This process has yielded what we believe to be the fundamental objective of a STEM instructor: to prepare students to critically think about and to solve complex problems within a particular discipline. Our fundamental objective covers not only the discipline-specific knowledge that a student might directly employ in a given field, but also the knowledge gained in a well-rounded education that supplements a student's critical thinking and problem solving skills while perhaps not directly applicable in a particular field. This objective will serve as the starting point of a hierarchical analysis of qualitative values. In order to better understand how to structure the appropriate value model it is important to view the instructor as a system such as is demonstrated in Figure 2 . In a general sense, the instructor takes uneducated unskilled students and transforms them into educated and skilled graduates. Figure 2 shows the internal processes an instructor has to leverage in order accomplish this objective; classroom activities, course management, teaching philosophy, research and extracurricular involvement. These internal processes can be generalized into three core sub-functions that an instructor must provide which are direct instruction, research and mentorship.
• Direct Instruction: The process of teaching in a classroom (physical or virtual) during a specified time. This includes teaching approaches, philosophies, graded events and student performance feedback.
• Research: The process of acquiring and generating new knowledge in the field of concern for an instructor.
• Mentorship: The process of being able to meet with and guide students outside of classroom or research activities.
The fundamental objective and sub-functions serve as the basis from which to complete the hierarchical qualitative value model. From this initial functional hierarchy, objectives are defined that describe the stakeholder preferences in performance of those functions followed by the lowest level of the hierarchy; the value measures. Value measures are the quantitative measures by which instructors are evaluated. Each value measure is traceable to a stakeholder need, want, or desire for an instructor. Those stakeholder preferences are captured in Appendix A, which is a matrix of the unfiltered information gathered during stakeholder analysis and succinctly summarizes and focuses the value modeling efforts. The main conclusions drawn from the stakeholder analysis drove the creation of the qualitative value model shown here: 
Quantitative Analysis
Using the qualitative value model in figure 3 , five quantitative measures have been identified. The first three (from left to right) are subjective assessments given by three distinct parties. First is a peer assessment that is intended to evaluate an instructor using feedback from another instructor of similar experience. The primary intent of this feedback is to evaluate the classroom tactics of an instructor (i.e. too much/too little lecture or too many/too few examples). Next, there is a student evaluation intended to measure the instructor's ability to communicate the material. This is followed by a senior instructor evaluation that can provide detailed feedback on more technical matters of strategic course preparation outline and execution. The final two are objective measurements of the publications produced by an instructor and the amount of time they spend in a given year supporting students in various mentorship roles. Optimizing the three subjective evaluation tools are sources of future work as this study assumes simple frequency based metrics and likert scales suffice to validate the methodology.
Each value measure must be normalized to give each instructor a relative score based on the level of importance the stakeholders placed on each value measure. The value functions describe the normalized score an instructor will receive based on their performance in the value measures on a scale of 0-100, where 0 is the minimum acceptable and 100 is the ideal (an often unachievable level of performance). Each of these measures is represented using quantitative expressions which are detailed here: Peer Instructor Evaluation (Score, likert scale 0-100): This evaluation is intended to be done as a 'spot check' where a peer will observe an instructor in the classroom and then provide an evaluation. The peer assessment is intended as a critique of classroom tactics and approaches to keep students engaged, interested and learning. While this evaluation can take many forms or focuses depending on the type of material being covered, a simple likert scale of 0-100 is suggested where 0 is extremely poor execution with little to no student involvement (an example might be an instructor that only reads prepared material) and 100 is the greatest classroom execution possible. It is suggested that these ratings be given to the evaluated instructor shortly after the assessment and then incorporated into the instructor's total score. This measure has one major Achilles heel; it leaves open the possibility for biased results based on peers' desire to avoid excessively harsh criticism of colleagues. Many approaches could possibly negate this bias; for instance, all peers of a given cohort could be required to blindly rank each other to negate any dishonest or biased feedback. Another possible alternative suggested by some stakeholders, was to use predetermined metrics for measurement like time lecturing versus time working examples or types and approaches to eliciting responses from students. One possible example of such an evaluation is attached in Appendix B.
Student Evaluation (Score, likert scale 0-100): Similar to peer rankings, students should evaluate an instructor's ability to help them understand the material. It is a simple fact that students are the largest component of the educational system and their assessments of instructors should be included in any evaluation. As the stakeholders note and the literature reinforces, the perils of incorporating student feedback into faculty assessments are well documented, yet we cannot discount student feedback entirely [1, 12] . Our stakeholders suggest student evaluations should be slightly modified before they are considered. First, student evaluations should be 'trimmed' on both negative and positive responses. Our approach suggests discarding ten percent of the best and worst responses from students and then using a simple average of the remaining responses. Student evaluations should be simple and clear so that results are not biased and can be translated into an aggregate score of 0 to 100. Different academic institutions will have nuances of how student evaluations are collected and analysed. However, many existing evaluations require quantitative student responses and lend themselves well to this type of conversion.
Senior Instructor Evaluation (Score, likert scale 0-100): Like peer and student ranking, an instructor's senior evaluator, preferably the person who formally evaluates the instructor, should also contribute to the evaluation. The purpose of the senior evaluator is to provide feedback on the instructor's strategic course design, execution and overall performance. While the senior instructor may find it preferable to visit classes in the middle of a term, this assessment is likely best done in an interview setting prior to the start of a course or at the conclusion thereof. This approach gives the instructor an opportunity to modify approaches or even content of the course without disruption midcourse. Similar to the problem in the peer evaluation, there is a danger of bias in this approach. Senior individuals may not want to negatively influence junior instructors or, alternatively, may actually favor some. In order to mitigate this potential bias, we again suggest relative instructor rankings where the senior individual states the instructor's quality relative to his or her co-instructors. Such a ranking will force an individual otherwise unwilling or unable to critically assess an instructor to distribute scores among a cohort of junior instructors.
Number of Professional Publications (Score, Total Yearly Publication Units):
This measure is an objective assessment of how many peer-reviewed publications an instructor produces in a given year. Through stakeholder analysis, we found consensus that the level of mastery in the discipline an instructor has attained is best characterized by how often and how much quality new knowledge the instructor contributes to his or her given field. In academia, there is a clear path to contribution through publishing original research in various settings: books, journal/conference articles and workshops. For our measure we generalize that one book (BK) equals three journal articles (JA) and one journal/conference article equals three workshop articles (WA). Naturally, the particular weighting of publication venues varies from discipline to discipline, but the heuristic described above can be modified as needed to accommodate any field. Algebraically this specific heuristic can be represented as:
A publication unit is described as a multiple of ten for every workshop article equivalent. This score is maximized at one hundred publication units per year. This will normalize publications to a similar scale as the other value measures. There is one significant caveat to this model which is that it does not incorporate the quality of the journal or conference article, citations received, scholarly indices, or research dollars procured by an instructor. Many organizations will undoubtedly express great consternation over these omissions; however, we leave for future work the incorporation other quantifiable metrics into the specific value measure.
Hours Spent per Year in Student Related Mentorship (Score, Mentorship Units):
This value measure is the most simple to evaluate but requires some clarification. According to stakeholders, instructors should show concern for students beyond the classroom. This should manifest as time spent volunteering with student organizations, professional societies or informal gatherings. The mentorship units are calculated as follows:
One mentorship unit is equal to ten hours of time spent with students per year. This scale reaches the maximum value at 850 units based on a maximum workweek of 24 hours per day and seven full available days. This data can be collected from the instructor or from the students during their evaluation.
Relative Weights
In addition to the value functions, each value measure must be weighted based on stakeholder preferences. The weights of the five instructor value measures are a critical component to the quantitative value model as they are statements of importance for each value measure. Similar to the qualitative value model the weights are a product of the preferences expressed by stakeholders. However, the key stakeholders have a greater significance in the weighting process than the less influential. We use the input of the interview and focus group stakeholders as the primary source of justification for weighting. The reason for this is that each of these stakeholder groups has a significant interest and influence in improving teaching. This approach is, by its nature, subjective and will be specific to the stakeholder in question. However, these weights can be adjusted based on any unique academic environment.
The approach used for generating weights is simple frequency analysis. We count the number of times a topic related to each value measure was mentioned during an interview or focus group. Each value measure received a count as indicated in the table below and then normalized. Of note, the weight for the student evaluations was decreased by a factor of three because while it was mentioned the most out of any other value measure, it was almost always accompanied by significant caveats and a desire to reduce the weight associated with student evaluation to account for likely biased opinions from students for various reasons. In order to calculate the total value score for an instructor, we use Equation (1) based on the value achieved by each instructor within each value measure. A thorough evaluation of the performance of the value model is included in the following section.
Value
To illustrate how the value model works, we will examine the calculations for the "ideal" instructor, a standard that, in reality, is not achievable when balancing each area of the value model, as different instructors have different strengths and weaknesses. The ideal instructor earns a value score of 100 in each of the value functions since that alternative achieves the best possible score in each value measure. We then multiply each weight by 100 and summing the weighted value, we get a total score of 100. We will use that to compare instructors in the results section, illustrating the areas that an instructor can best improve.
v(ideal) = (100*0.33)+(100*0.28)+(100*0.17)+(100*0.13)+(100*0.09) = 100
Case Studies
The QUAINT process that is described in the previous section can serve in several capacities. The first is that it can be utilized as a standalone analysis of an individual instructor. In addition, it can be used as a comparative tool for an entire department or academic institution. The purpose of this section is to give a notional example of how STEM instructors with differing characteristics, strengths and weakness can be evaluated individually and compared against each other. The follow is a brief description of four potential instructor personalities to which the QUAINT process will be applied.
Roberta Research:
This instructor is a self described 'mere bookworm' that loves to write original research papers and publishes regularly. However her devotion to only focusing on cutting edge research shows in her average course preparation. Most students describe her classes as confusing where she will often go on a 'tangent' and talk about her current work that is most often well beyond the reach of the students. Everyone in her department is impressed by her track record of scholarship. However, there is some reservation as to whether that scholarship comes at a cost of effectively inculcating knowledge in the students.
Gary Goodtime:
This instructor is well known around campus for having a 'fun class.' His sections fill up quickly and his popularity with students is undeniable. However, most of Gary's peers note that much of his popularity comes from greatly simplifying complex concepts and 'spoon feeding' students. Indeed many of his in-class problems are cut and paste onto exams and often contain college themes like drinking, partying and spring break. He also rarely has time to publish because he is spending so much time with student groups like the yacht club, kayak club, and rock climbing club. In his department he is known as the 'fun guy' but is rarely taken seriously because he is not comfortable with advanced topics or courses. He is happy teaching the introductory courses where Freshman and Sophomores are easily impressed.
Walt Wellround: This instructor believes in being 'well rounded' and devotes equal time to research and teaching. His courses are well organized and students receive all the information that they will need to be successful in future related courses or employment. Walt also publishes two journal articles a year though some are lower quality than others. However, students describe Walt as being 'inaccessible.' His schedule is ridigd and students that are struggling with material do not seem to receive enough help and will often fail out of his courses. He believes the higher failure rate in his courses is due to the lack of students being 'well rounded' and not managing their time properly.
Theresa Teacher: This instructor sees her job as squarely focused on preparing students to be successful in the future. As such, she is constantly updating course material to adapt to a changing discipline. She meticulously tracks students having trouble and will coordinate oneon-one sessions to help them through tough material. However, her focus on preparing students often results in many of them being frustrated with excessively challenging homework, exams and group projects. Also her research portfolio suffers from her focus on class preparation to some extent. She publishes several papers a year but is rarely the top producer in her department.
Each of these four personalities will tend to perform at various degrees within each of the values described in the methodology section. The following table shows a potential yearlong performance assessment for each of these for stereotypical instructors: 75  40  85  370  100  Gary Goodtime  80  90  80  25  400  Walt Wellround  85  60  85  300  25  Theresa Teacher  90  60  95  250  300  Ideal  100  100  100  400  850   Table 2 : Raw Data
As the raw data shows, there are strengths and weakness for each of the instructors. In order to evaluate the performance of each, the first step is to convert the raw values in the table into value units described by the value functions. The following chart depicts the four personalities and their respective values within each of the five sections relative to an ideal instructor that maximizes value for each of the function. Additionally this chart has a minimum acceptable value which can easily identify significant underperformance by any of the personalities.
Figure 4: Relative Comparison of Instructors
As we can see from the chart there are a few valuations that can be identified as potential problems. Specifically Roberta and Gary have unacceptable scores in student evaluation and research respectively. This evaluation is straightforward for identifying areas in which an individual instructor can improve or in what ways they are excelling. However, these values can also be used to compare instructors by applying equation 1 and incorporating the weighting preferences from the stakeholder analysis. When each of the personalities are evaluated using the MODA analysis, each can be assigned a total value score which is an aggregate value of each of the five measures. The following stacked bar chart shows the total value of each of the personalities: From the chart it is clear that Theresa Teacher has the highest total value score and that Roberta Research has the lowest. This result demonstrates how an individual instructor's value is generated and gives avenues to improve for all individuals. Additionally it allows for a quick comparison of personalities against each other. This comparison creates an important baseline from which academic institutions can relatively compare instructors. As this example shows the QUAINT process can be applied to individuals and groups in order to identify instructor value.
Conclusions and Future Work
We have shown that the QUAINT methodology is useful for comparing instructors with a diversity of strengths, in a quantitative way, and in accordance with the values of our organization, but can still be easily altered to accommodate any department or institution's goals. While it is certainly no silver bullet, using the QUAINT methodology is reasonable to characterize instructor strengths and weaknesses as demonstrated in our case studies. The tool can be used by an individual instructor to gauge their own strengths and weaknesses towards the end of identifying areas for self-improvement. Given more fidelity in the measurement tools and more thorough stakeholder analysis, the QUAINT methodology could be used to The tools we used to determine each value measure leave significant room for improvement, particularly for the three evaluation tools (peer/senior evaluation and student survey) that we employed. To further improve the value model, a well-studied version of each of these tools should be employed, but we leave for future work the optimization of these tools.
The QUAINT methodology, however, has only begun to be evaluated. While the analysis of our caricaturized instructors in the case study makes intuitive sense, we need to further evaluate the QUAINT methodology against additional programs, departments, disciplines, and institutions as well as an assessment on actual instructors.
Despite the additional work that needs to explore and further validate the QUAINT method, we are encouraged by the fact that much of the mechanics of the value modeling process could easily be implemented using readily-available information technology resources. Such an implementation would easily lend itself to extending the study of the QUAINT methodology to additional departments, fields, and institutions at a scale not practical with our current workflow. Metric presented to assess dedication is student feedback. Communication Skills require an instructor to be agile in thought & perspective and deep knowledge determines this ability. Top 2 goals for students are 1) Critical thinking and 2) problem solvers. The ABET metrics are a possible metric to use when measuring the achievement of these goals. In the domain of scholarship, research is important because it keeps you current in your topic. There is a difference between publishing just to publish and contributing to the knowledge base. 
